Various observations suggest that there are processes on Venus that produce features similar to those associated with plate boundaries on Earth. Synthetic aperture radar images of Venus, taken with a radar whose wavelength is 12.6 cm, are compared with GLORIA images of active plate boundaries, obtained with a sound source whose wavelength is 23 cm. Features similar to transform faults and to abyssal hills on slow and fast spreading ridges can be recognized within the Artemis region of Venus but are not clearly visible elsewhere. The composition of the basalts measured by the Venera 13 and 14 and the Vega 2 spacecraft corresponds to that expected from adiabatic decompression, like that which occurs beneath spreading ridges on Earth. Structures that resemble trenches are widespread on Venus and show the same curvature and asymmetry as they do on Earth. These observations suggest that the same simple geophysical models that have been so successfully used to understand the tectonics of Earth can also be applied to Venus.
INTRODUCTION
Perhaps the most important question about the evolution of Venus is to what extent its surface is being deformed in the same way as is that of Earth. If it is, then the understanding developed for Earth can be directly used to understand the origin of features on Venus. If it is not, progress is likely to be much slower, because synthetic aperture radar (SAR) images, altimetry with a resolution of 10 km or less and a few low accuracy analyses of the surface composition are not likely to be sufficient to allow an understanding of new tectonic processes to be developed. Such observations would not have been sufficient for Earth, where our understanding of the processes involved depends principally on seisinology and palaeomagnetism. Since so few types of information are yet available for Venus, we must argue by analogy and compare features on the two planets at the same scale, observed by similar types of sensors. If they look alike, we argue that they have been produced by similar processes. Though it is clear that such an argument may not be valid, there is at present no obvious alternative.
Before Magellan images and altimetry became available there was considerable controversy about whether there were structures on Venus corresponding to plate boundaries on Earth [Crumpier and Head, 1988; Grimm and Solomon, 1989] . It is now clear that the resolution of these early images was not sufficient to allow this question to be decided one way or the other. But the new higher-resolution data allow a much stronger and more detailed case to be made. O148-0227/92/92 JE-01350505.00
Our object in this paper is to show that there are features on Venus that closely resemble oceanic transform faults, abyssal hills and trenches, and fold mountain belts and transform faults on continents. We have not yet found a convincing example of a spreading ridge or of a basin produced by extension. Such features may be present but are not likely to be easy to map using altimetry and SAR images (see below). Of these structures, only analogs to terrestrial trenches, continental fold belts, and transform faults appear to be widespread on Venus. Features resembling abyssal hills and oceanic fracture zones have so far only been recognized in one region of the planet and extend over an area of about 500 x 1000 km 2.
TRANSFORM FAULTS AND FRACTURE ZONES
On Earth the most unambiguous method of mapping transform faults depends on offsets in the magnetic anomaly patterns. Until this method came into general use there was some confusion between fracture zones and trenches.
Though their topography can be similar, fracture zones tend to be narrower and more symmetric than trenches. The surface expression of the transform part of a plate boundary joining two spreading ridges is a deep linear trough, whose width is about 20-30 km and whose depth is 1-3 km below the ridge axis. The active strike-slip fault is generally near the center of the trough, whose depth below the seafloor changes little as the plate motions transport the seafloor away from the plate boundary. On ridges spreading at less than about 30 mm yr -1 half rate the crust along the axis of the fault is as thin as 3 km or considerably less than the oceanic average of 7 km. The thin crust probably results because less melt is produced at the ridge tip next to older, colder, lithosphere. The major cause of the trough is this difference in crustal thickness. On Venus the crustal thickness on transform faults is likely to be reduced by a similar amount where they intersect ridges, but the depth of the trough will be reduced by a factor of about 0.7, the ratio of the density contrasts, because the trough is filled by atmospheric gas, not water. The first SAR images of Venus from Magellan [Solomon et al., 1991] showed that fold belts were widely distributed in some parts of Venus but did not find any convincing evidence of trenches. The greater coverage now available, and particularly the high-resolution altimetry, shows clearly that troughs whose shape is similar to that of terrestrial trenches also exist on Venus. Plate 1 and Figure 7 show a comparison of gravity calculated from altimetry [Haxby, 1987] 
